INTRODUCTION
============

Ultrasound (US)-guided three-in-one (3-in-1) femoral nerve block (FNB) involves visual identification of the femoral nerve sheath and subsequent infiltration of anesthetic. The literature has found this nerve block to be a simple, safe and time efficient maneuver providing rapid and effective anesthesia.[@b1-wjem11_4p310]--[@b9-wjem11_4p310] The use of US-guidance has also been shown to decrease the opioid and volume of local anesthetic requirement for pain management.[@b1-wjem11_4p310],[@b3-wjem11_4p310],[@b10-wjem11_4p310]--[@b12-wjem11_4p310]

Studies have found that emergency physicians (EP) can safely and effectively accomplish 3-in-1 FNBs as analgesia for hip fractures in the emergency department (ED).[@b1-wjem11_4p310]--[@b3-wjem11_4p310] Our training involved a 20-minute didactic session that included anatomy review and review of US images of the femoral artery, nerve and vein. We discussed a review of the materials and pharmacology, then physicians observed one procedure followed by a supervised procedure. All physicians were comfortable performing US-guided 3-in-1 FNBs at their first patient encounter.

Three-in-one FNBs provide rapid, effective pain relief and have also been shown to decrease the opioid requirement for pain management. In a study by Antonis patients receiving US-guided 3-in-1 nerve blocks had dramatic decreases in visual analog scale (VAS) pain scores and opioid requirement for pain control. [@b1-wjem11_4p310] The mean baseline VAS score in the nerve block group was 84, and a mean score at 240 minutes was 13.8. The mean four-hour morphine use was 5.5 mg in the nerve block and 15.5 mg in the comparison group.

In a study by Fletcher et al. [@b5-wjem11_4p310] patients receiving 3-in-1 nerve blocks recorded a faster time to reach the lowest pain score 2.88 hours versus 5.81 hours for control patients receiving intravenous morphine. Also, nerve block recipients required significantly less morphine per hour to control their pain 0.49 mg/hr versus 1.2 mg/hr.[@b5-wjem11_4p310] Oberndorfer et al. found the duration of analgesia was longer and the volume of local anesthetic was significantly reduced with US compared with nerve stimulator (NS) guidance.[@b8-wjem11_4p310] Finally, there were two blocks in the NS group that failed. There were no failures with direct visualization using US.[@b8-wjem11_4p310]

METHODS
=======

Indications
-----------

All patients with femoral fractures are optimal candidates for US-guided 3-in-1 FNBs. The FNB is especially helpful in patients with significant opiate tolerance, opiate allergy and patients with co-morbidities. Patients with difficult anatomical landmarks such as obese patients, patients having previous operations in this area, or those with anatomical abnormalities are also considered optimal candidates as US-guidance provides direct visualization of the major anatomic structures.[@b3-wjem11_4p310] This procedure makes it easier to obtain optimal radiographic images from which orthopedic surgeons can base treatment. Finally, although classically the 3-in-1 FNB was used for femoral neck or trochanteric fractures, further research shows that it is also effective for more distal femoral shaft fractures, in anterior cruciate ligament reconstructions, total knee arthroplasty, knee arthroscopy and open knee surgery.[@b13-wjem11_4p310]--[@b23-wjem11_4p310]

Contraindications
-----------------

Contraindications include patients with a known hypersensitivity to bupivacaine or to any local anesthetic agent of the amide-type or to other components of bupivacaine hydrochloride solutions. Other contraindications include patients with local or systemic infection or patients with an abnormal neurological exam in that limb or perceived risk of compartment syndrome, which requires serial sensory exams that would be impeded by the FNB. Relative contraindications include bleeding diathesis or anticoagulation.

Equipment/Supplies
------------------

This procedure requires: US machine with a linear (vascular) transducer, with a frequency range of 7--12 MHz.; betadine; 4x4s; 21 gauge 3.5 inch spinal needle; 20 ml of bupivacaine 0.5%; sterile gloves; sterile covering for the probe (a sterile glove can work if specialized covering is not available); and sterile US gel (or sterile lubricant if gel unavailable).

Procedure: Two-Practitioner Technique
-------------------------------------

Patient is positioned supine with legs slightly abducted: the groin is prepped and draped in sterile fashion. The US is placed to the right of the patient's bed, and US gel is applied to the probe, which is held by an assistant. Sterile gloves are donned and the sterile probe cover (or another sterile glove) is placed over the probe. Sterile gel is then applied to the outer portion of the sterile covering. The physician applies the probe to the patient's groin with the probe's indicator (either a small notch, light, or nub) pointing towards the patient's right ([Figure 1](#f1-wjem11_4p310){ref-type="fig"}). The inguinal ligament is noted as a linear hyperechoic structure, and as the probe is slid caudad, the large femoral vein and the non-compressible femoral artery are identified. Lateral to these structures, the femoral nerve sheath is visualized and appears as a hyperechoic triangular structure ([Figure 2](#f2-wjem11_4p310){ref-type="fig"}). A small skin wheal over the target site with bupivacaine is made. Depending on physician preference, the physician can hold the US probe, and use his/her other hand to make the injection or an assistant can hold the probe in the groin while the physician makes the injection. The injection is made using a 21-gauge spinal needle attached to a syringe with 20 ml of 0.5% bupivacaine, which is inserted 2 cm distal to the inguinal ligament in a lateral to medial direction at a 30-degree angle ([](#f3a-wjem11_4p310){ref-type="fig"}[Figure 3](#f3b-wjem11_4p310){ref-type="fig"}). It can be technically challenging to tract the location of the needle tip during needle insertion therefore we suggest fanning the transducer. Once the needle comes into view on the US monitor, the tip is positioned as close as possible to the femoral nerve and aspiration can be done to insure there is no infiltration into a vessel. The anesthetic is spread in a cephalad direction and appears as an expanding hypoechoic area within the fascial space surrounding the nerve sheath ([Figure 4](#f4-wjem11_4p310){ref-type="fig"}). The following thigh nerves are anesthetized: femoral, obturator and lateral cutaneous. Distal pressure is applied during and shortly after injection.

Complications
-------------

Literature regarding complications specifically to US-guided FNB is sparse. We assume that complications of this procedure include any adverse reaction to administration of the bupivacaine including allergic reactions, fatal arrhythmias and death. Due to the close proximity to the femoral artery, intra-arterial injection is a possibility, although it is minimized with direct visualization with real-time US needle guidance. [@b9-wjem11_4p310] Nerve injuries following accidental femoral nerve impalement and intraneural injection of local anesthetic have been reported without major adverse sequelae.[@b23-wjem11_4p310] We did not have any complications to report.

DISCUSSION
==========

FNBs have been used postoperatively after hip repair and replacements for many years. Anesthesiologists have been applying these nerve blocks under NS guidance to achieve precise application to the nerve. Studies in adults and children have shown that US-guided FNBs are both technically superior and decrease the opioid and volume of local anesthetic requirement for pain management compared to NS guidance.[@b1-wjem11_4p310],[@b3-wjem11_4p310],[@b10-wjem11_4p310]--[@b12-wjem11_4p310]

Injecting less local anesthetic is of particular importance in cardiovascular-compromised patients, in whom cardiovascular side effects can be prevented.[@b3-wjem11_4p310] Significantly decreasing patient's morphine requirement to achieve pain control is favorable for patients with underlying cardiopulmonary disease, opiate allergy or intolerance and would require less intensive nursing and physician management.

EPs can effectively accomplish US-guided FNBs as they are easy to learn, provide faster, longer pain relief with smaller volume of local anesthetic compared with NS guidance and should be considered in all patients with femoral fractures.[@b1-wjem11_4p310],[@b3-wjem11_4p310],[@b11-wjem11_4p310] Training using cadaveric US-guided peripheral nerve blocks have been reported.[@b24-wjem11_4p310] Online educational resources and videos include: <http://www.usra.ca/fem2_vid> and <http://www.nysora.com>. Accessed January 27, 2009.

CONCLUSION
==========

US-guided FNB is a safe and easy procedure that can be performed with minimal US training in the ED for femoral fractures. The 3-in-1 FNB provides rapid, effective anesthesia and has also been shown to decrease the opioid and volume of local anesthetic requirement for pain management. Finally, with informal questioning, we received very favorable feedback from our orthopedic surgeons, nursing staff and great satisfaction from our patients.
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